Adolescence is characterized by major developmental changes that may render the individual vulnerable to stress and the development of psychopathologies in a sex-specific manner. Earlier we reported lower anxiety-like behavior and higher risk-taking and novelty seeking in rats previously exposed to peripubertal stress. Here we studied whether peri-pubertal stress affected the acquisition and extinction of fear memories and/or the associated functional engagement of various brain regions, as assessed with 2-deoxyglucose. We showed that while peri-pubertal stress reduced freezing during the acquisition of fear memories (training) in both sexes, it had a sex-specific effect on extinction of these memories. Moreover hippocampus, basal amygdala and cingulate and motor cortices showed higher metabolic rates during extinction in rats exposed to peri-pubertal stress. Interestingly, activation of the infralimbic cortex was negatively correlated with freezing during extinction only in control males, while only males stressed during puberty showed a significant correlation between behavior during extinction and metabolic activation of hippocampus, amygdala and paraventricular nucleus. No correlations between brain activation and behavior during extinction were observed in females (control or stress). These results indicate that exposure to peri-pubertal stress affects behavior and brain metabolism when the individual is exposed to an additional stressful challenge. Some of these effects are sex-specific.
Introduction
Adolescence is a critical developmental period characterized by physical, hormonal and behavioral changes. During this transition, region-specific changes in brain structure and function take place (Paus, Keshavan, & Giedd, 2008) . One of the major landmarks of adolescence is the attainment of sexual maturity (gonadarche) that is paralleled by the emergence of sex differences (Styne, 1994) . These sex differences do not only involve sexual and reproductive functions, but also behavioral and hormonal responses to stressful circumstances (Dahl, 2004) . Indeed in humans, adolescence is also accompanied by sharp and sex-related raise in morbidity and susceptibility to psychopathologies (Kessler, 2003; Kessler & Magee, 1993; Penza, Heim, & Nemeroff, 2003; Steinberg et al., 2005) . Furthermore, stressful experiences during childhood and adolescence increase vulnerability for developing psychiatric disorders later in life (Heim, Plotsky, & Nemeroff, 2004; Kessler & Magee, 1993; Penza et al., 2003) . Moreover, heightened task-related brain activity during adolescence appears to predict the development of psychopathologies later in life (Sabb et al., 2010) .
In the rat, adolescence is considered to last from postnatal days 21-28 till postnatal days 42-59 (depending on the authors; (Spear, 2000; Spear & Brake, 1983; Tirelli, Laviola, & Adriani, 2003) ). A number of animal models have been developed to study the short and long-term impact of stress during adolescence (Isgor, Kabbaj, Akil, & Watson, 2004; Ito, Nagano, Suzuki, & Murakoshi, 2010; McCormick, Smith, & Mathews, 2008; Sterlemann et al., 2010; Toledo-Rodriguez & Sandi, 2011) and during the juvenile period (Avital & Richter-Levin, 2005; Jacobson-Pick & Richter-Levin, 2010) . Recently, we have shown that stress right before and during puberty lowers anxiety and augments novelty-seeking behavior but does not affect 'depressive-like' behaviors in adolescent rats (Toledo-Rodriguez & Sandi, 2011) . This reduction in anxiety could be due to long-term changes in activation of the limbic system and might affect future emotional learning. Pavlovian fear conditioning is a well-validated test of emotional learning and memory (Maren, 2001) . During conditioning the individual develops a conditioned response (CR; e.g. lack of movement or ''freezing'' in the rodent) when a non-threatening conditioned stimulus (CS; e.g. sound for auditory fear conditioning) is paired with an aversive
